Introduction
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In recent years, there has been a growing awareness of the adaptive role of trait loss in evolution (Fong et 4 1 al. 1995; Lahti et al. 2009; Ellers et al. 2012; Royer et al. 2016) . Trait loss has been shown to affect 4 2 resource use efficiency (D'Souza et al. 2014) , speciation (Stoks et al. 2003) , host-parasitoid co-evolution 4 3 (Pascoal et al. 2016) 
5
The molecular changes underlying trait loss have been resolved in only a small number of cases. In a 4 6 number of these, one or several key genes of the underlying pathway have degraded. For example, loss of 4 7 vitamin C production in primates is caused by a single frameshift mutation in the gene Gulo (Chatterjee 4 8
1973; Ohta and Nishikimi 1999). Loss of four opsin genes, combined with reduced expression of nine 4
Gene Ontology Enrichment analyses 1 6 4
For each species, the set of differentially expressed genes was checked for enriched GO-terms with the R-1 6 5 package 'topGO' version 2.20.0 (Alexa et al. 2006) . We used the weighed P-values that TopGO 1 6 6 calculates using an algorithm that weighs statistical significances of higher GO categories by the 1 6 7 significance of its lower categories: Higher categories are only recovered as significant when more genes 1 6 8 are found at that category than expected by chance. GO-indexes for the D. melanogaster gene annotation 1 6 9
were downloaded from FlyBase (Attrill et al. 2016) The number of DE genes per KEGG Pathway were summed for both species and divided by the total 2 0 1 number of genes that each species had for that pathway. This fraction of induced genes per pathway is 2 0 2 presented as a heatmap using the R function heatmap.2 from package gplots. 2 0 3 2 0 4
Results
0 5
Global gene expression patterns 2 0 6
We obtained 13.7-20.4 million high-quality 90bp paired-end reads for each of the 12 libraries (2 species, 2 0 7 2 treatments, 3 biological replicates). 17.7-24.2% of reads were unequivocally mapped to a single locus 2 0 8 on the respective reference genomes and kept for subsequent analyses (supplementary table S1). 2 0 9
We first established that our treatment of four hours ad libitum access to sugar had a measurable effect on 2 1 0 the insect's abdominal transcriptome. Heatmaps of these transcriptomes are shown in figure 1. We found 2 1 1 The set of differentially expressed genes upon sugar feeding in both species were enriched for a broad 2 8 7 spectrum of GO-terms, showing that both species adjust their gene regulation within four hours after 2 8 8 feeding on a sugar solution. The strong positive correlation of the gene expression levels of conserved 2 8 9 (single-copy) genes shows that these patterns are maintained over long evolutionary timeframes (Diptera 2 9 0
and Hymenoptera diverged about 340 million years ago (Misof et al. 2014) ) and validates our subsequent 2 9 1 comparisons of conserved metabolic pathways between D. melanogaster and N. vitripennis. D. melanogaster accelerates its fatty acid synthesis after sugar-feeding, as indicated by the upregulation 2 9 5 of the key enzyme fatty acid synthase 1. This was expected, as D. melanogaster is known to start 2 9 6 lipogenesis shortly after sugar-feeding (Zinke et al. 2002) . Lipid storage droplet 1, involved in storage of 2 9 7 lipids in the fat body, was upregulated concomitantly, as would be expected when lipid production is 2 9 8 increased. The downregulation of genes related to catabolism of amino acids upon feeding indicate that 2 9 9 the flies may have used amino acids as fuel in the starvation treatment. These changes in gene expression in response to sugar-feeding indicate that most of the response of the 3 2 0 lipid metabolism is intact, which contrasts with the phenotypic lack of lipogenesis. This paradox could be 3 2 1 explained by evolutionary constraints on these enzymes: many enzymes have more than one function 3 2 2 (pleiotropy), and the regulatory changes required to decouple all these processes might require many 3 2 3 mutations.
2 4
A number of other pathways linked to carbohydrate metabolism were differentially regulated upon sugar-3 2 5
feeding. For example, gluconeogenesis was decelerated as indicated by a downregulation of phosphoenol 3 2 6 pyruvate carboxykinase transcripts. A reduction of gluconeogenesis is expected to be concomitant with a 3 2 7 reduction in ketogenesis. However, the upregulation of hydroxymethylglutaryl-CoA synthase 1 indicates 3 2 8 that ketogenesis was accelerated. Catabolism of acetyl-CoA through increased ketogenesis might be 3 2 9
linked to loss of lipogenesis in N. vitripennis. An earlier study using qPCR to assess gene transcriptional 3 3 0 responses to sugar feeding in N. vitripennis, found largely congruent results for key genes involved in 3 3 1 carbohydrate, fatty acid, and glycerolipid metabolism, including acetyl-CoA carboxylase, ATP citrate 3 3 2 lyase, glucose-6-phosphate dehydrogenase and phosphoenolpyruvate carboxykinase (Visser et al. 2012) . 3 3 3
Four non-coding RNAs were upregulated and two were downregulated in N. vitripennis. This suggests 3 3 4 that these non-coding RNAs in N. vitripennis could be involved in regulating its diverging metabolic 3 3 5 response to sugar-feeding. Four transcription factors were upregulated and two were downregulated in our 3 3 6 experiment. As with the non-coding RNAs, we lack information on their targets and mechanism. It is 3 3 7 possible that one of these, or their combined effects, regulate the decoupling of lipogenesis from sugar 3 3 8 
